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ABSTRACT 

Vertigo marciae, a ih“w sp(“cies ol gastropod mollnsk (Pnpilloidea: 
Vertiginidae), is (l(“scrih(“d from Jamaica. This speci(“s is knowTi 
in the R(“cent lanna only Irom John Crow Peak in the Blue 
Mountains, hnt also occurs as a Pleistocene lossil at Red Ilills 
Road Cave. Vetiigo marciae has h(“en confused uitli Veiiigo 
goiddii, hut diflers hy its smaller shell size, lack (T distinct 
shell striation, lack ol an angnlar lamella, and pr(“sence ol a 
llared ap(“rture hase. DNA serpience analyses d(x:'nment that 
V marciae poss(“SS(“S unicpie intDNA and iiDNA se(|n(“nc(“S 
and is most closely allied with Veüigo alaJ)amemls, Vertigo 
hehardi, and Vertigo oscanana. This gronp of species com- 
pris(“S a highly snpported clad(“ whose in(“mh(“rs are limit(“d 
either to the Carihh(“an or tlre soutlieastern USA. 

AdditionaJ Kin/wonb: Veïiigo, hiogeography, south(“asteni USA, 
Carihhean, DNA seqnence analysis 


INTRODUCTION 

Iii their syiiopsis of the Jamaican land snail faiina, 
Rosenherg aiid Miiratov (2006) reporttnl three species 
froni thc geniis Vetiïgo, all of whicli possess ranges 
extending into the eastern half of North America 
(Nekola and Coles, 2010): V. goiddii, V. niiliuni, and 
V ovata. However, images of piitativc Jamaican 
V. gouldiï on the Discov(“r Life wehsite (http://pick4 
.pick. uga. (“du/mp/20(|?searcli = Vertigo+g()uIdiiN:guicie= 1) 
illustrate a shell (piite unlike gouldii from eastern 
Nortli America (Nekola and C()1(“S, 2010) in its light- 
yellow shell color, lac'k of sliaiq:) shell striation, ancl 
al)S(“nce of a basal lainella. Ohservation of the tlire(“ 
knowm Jamaican lots for this entity in the Academy of 
Natural Sdencc“s of Pliiladelpliia (ANSP) collc^ctions 
confinned these diff(“rences. AlthoLigh they looked most 
like V/ hebardi \4inatta, 1912 of the Plorida K(“ys, these 
lots clearly differed from that spc‘cies hy their tallc“r shell, 
r(“duced striation, and absence of an angular lamella. 
Thus, rather tlian representing a population of V gouldii 
isolated by 2000 km from its nearest neighbors (Nekola 


and Coles, 2010), tl lese specimens appear to r(“prc“sent 
an uncl(‘scribecl nc‘w specicxs. Basecl on shell (l(“scrip- 
tions, r(“p()rts of Vertigo gouldii from th(‘ Pleistoc'ene 
R(“(I Hills Road Cave (k^posits of Jamaica (Paul and 
Donovan, 2005) also app(‘ared to repr(‘S(“nt tliis nc“w^ spc‘- 
cies. This conclnsion w^as sul)se(|uently confirnH^d via 
ohservation of digital iinages. 

\Ve therefore investigated this putativ(“ new spe- 
cies via analyses of botli shell moiq^iholog)' ancl DNA 
secjuence data, ancl are now in tlie unusual situation of 
clescrihing and reporting a n(“w species siinultaneously 
from both living and fossil material, whilc also being 
able to report on its phylogenetic' relationships. 

MATERIALS AND METHODS 

Field Collection: The tliree knowm R(“cent lots of the 
putativ'c nc“w Janiciican spc“cies (ANSP 402244, 403039, 
ancl 403040) were collectecl on John Crow Peak in the 
Blue Mountains of eastern Jamaica on May 22, 1999, 
during the Janiaican Biotic Surv^(“y. Collecting methods 
were (Ietailc‘cl in Rosc^nberg and Muratov (2006), and 
includecl chying of soil litter siunples over a Berlesc* 
Eunnel. This c‘nc()urag(“(l snails to c*nt(“r acstivation, allow- 
ing them to mummify upon d(“ath. Eor tliis reason, it was 
possible to succ(*ssfully extract, amplify and S(“(|iic“ric(“ 
selected amplicons froni hoth their mitochondiial ancl 
nuclear genomc^s (Nekola c“t ak, 2009). 

Shell Measurements: Measurements were cleter- 
niinecl in 0.1 mm increments for adult shells vvith 
aperturt' facing up, using a dissc'cting microscope witli 
a calihratecl ocular micrometer. Height and vvidth were 
measured as the dimensions of a bounchng hox vvith 
long axis parallel to the shell axis and sicles tangent 
to the tip of the protoconch, the base of the lip, the 
right-most margin of thc' api'iturc' and the k'ft-most 
niargin of the body whoii. 

Iinaging: Sliells wer(“ imaged at 20x magiiification 
using a digital canu'ra attached to a sterc'omicroscope. 







Pcige‘ lOS 


THE NAUTILUS, VoL 127, No. 3 


Approximately 14 separate 1388x1040 pixel irnages 
were inadc' of eaeh speciinen witli the iniage focal 
lengths positioned at 75 pni incrernents froin tlu* front 
to back ol the sliell. Coinl:)in(*Z5 free'ware (http:/A\^\av 
. 1 ladk'ywel). pwj'). I )I iieyonder. eo. uk7CZ5/coin hinez.5. ht ni) 
was iised to asseinhle a final iinage froin tlie foeiiS(*d 
parts of eacli separat(‘ image. Assembk^d images were 
imported iiito Adob(‘ Photosliop, wliere bnghtness and 
contrast wer(‘ optiinized and the background made uni- 
formly blaek. Th(‘se iinages weiX' then compiled into a 
single plate. 

DNA Seqiience Analysis: Mitochondrial cytoclirouK^ 
h (CiftB), 168 rihosomal RNA (16S) and tlu‘ intt‘rnal tran- 
scrilxul spacers 1 (ITS-1) and 2 (778-2) of the nuclear 
rihosoinal HNA gein^ wen^ investigated to test tlu' dis- 
tinctiveness of the putative new Jamaciari speeies and to 
resolve its nearest (wolutionar)^ neighhors. The inito- 
ehondrial cvtocIiroiiK^ oxidase suhimit 1 (C07) was not 
analyzed as vve wer(‘ iniahle to amplify this gene in the 
jamaican species. 

Sixteen specimens were chosen for analysis (Tahle 1). 
This set includes not only two sp(‘cimens of th(‘ 
|amaican species hut also alabaineusis, V 

^ouldii, V. Iichardi, and V oscanana. We attempted to 
maximally spread tliese individuals across the knowii 
geographic range of each sp(‘eies (see Nekola and 
Coles, 2010). Because V conecnhcn.sis is likely a simple 
shell form of alabaniensis (Nekola and Coles, 2010), 


only a single individual of this ticxon was includ(‘d. 
Topohpe or near-topotype mat(‘rial was s(‘Iected for 
\/ conecuhensis (Pond Creek, Covington Co., Alabama, 
about 50 krn from th(‘ t)pe loeality in Evergrcen, 
Alahama) and \/ liebardi (Long Key, Florida which is 
tlie typ(‘ locality). Previously analyzed 16S se(|uence 
data from thr(‘(‘ Vertigo gouldii specimens analyzed 
hy Nekola et al. (2009) were retrieved from CeneBank 
(Tahle 1). Vetiigo pusilla, the t)p(‘ species of th(‘ gcnus, 
was also iiK'Iuded, as vvere Gastrocopta ctistata and 
Pupilla nutsconini for outgroup cornparisons. 

Genomie DNA was extracted froin live, (‘thanol- 
piavsen ed, or inuinmifi(‘d material iising tlie OmegaBioT(‘k 
MoIIusk DNA Extraction Kit. Becausc shcll destruc- 
tion was re(|uir(‘(I, all shells were imag(‘d prior to 
extraction iising the methods detciik‘d ahove. PCR 
amplification and s(‘(]U(‘ncing of CijtB, 16S, ÎTS-1, and 
ITS-2 were accomplished using standard methods 
(Nekola et al., 2()()9). Resultant traees were (‘xamiiu^d, 
primer ends renioved, and align(‘d hy eye. Becaus(‘ of 
their lower (‘voliitionar)^ rates, thc nDNA 778-7 and 
778-2 regions were concatenat(‘d to provide a roughly 
simihu* number of nuck‘Oti(le diff(‘r(‘nc(‘S to (‘ither of 
th(‘ intDNA amplicons. Mega 5.0 (Tamura (‘t al., 2011) 
vvas used to calculate th(‘ average number of nucleotide 
differenees in the CijtB, 16S, and concatenaU^d 778-7 + 
778-2 regions hetweeii all piitative sp(‘ci(‘S-k‘veI taxa. 
Suhstitutions includ(‘d hotli transitions and transversions 
witli painvise gap deletion. 


Tablc 1. Speciinen inforination for inatericil used in D.NA s(‘(^uence analysis. 


Taxon 


Location 

Vertigo marciae new sp(‘cies 

]ohn Crow Peak, St. Andrew Parish, JainLiica 
John Crow Peak, St. Andrew Parish, Jainaica 
Vetiigo aïahamensis Clapp, 1915 

Johnson Mill Bay, Bladen Co., North Carolina, USA 
Wadf Trap Bay, Leon Co., Florida, USA 
Veiiigo conecuhensis Clapp, 1915 

Pond Creek, Covington Co., Alahaina 
Vertigo goiddii (A. Binney, 1843) 

Brush Creek Canyon, Fayette Co., lowa, USA 
Panther Crr^ek, Searcy Co., Arkansas, USA 
11-Point Kiver, Oregon Co., Missouri, USA 
Vetiigo hehardi V^anatta, 1912 

Long Key, Monroe County, Florida, USA 
Elliott Key, Miaini-Dade County, Florida, USA 
Veiiigo oscanana (Sterki, 1890) 

Blanchard Springs, Stone Co., Arkansas, USA 
Wadboo Creek, Berkeley Co., South Carolina, USA 
Vertigo pusiîla Müller, 1774 

Podyji National Park, Moravia, Czeeh Kepuhlic 
Gastrocopta cnstata (Pilshiy' and Uanatta, 1900) 
Albu(pier(pe, Bernalillo Co., New Mexico, USA 
Pupiîîa musconon (Linnaeus, 1758) 

Masaiyk University, Brno, .Moravia, Czech Kepublic 


CENBANK Accession nuinber 


Latitude/Longitiide 

CytB 

16S 

ITS-1 

ITS-2 

18.1132 N., 76.6685 W. 
18.1132 N., 76.6685 W. 

KF214513 

KF214514 

KF214503 
KF214502 

KF214489 

KF214477 

34.7125 N., 78.5261 W. 
30.3680 N., 84.5700 W. 

KF^214515 

KF^214516 

KF214501 

KF214500 

KF'^ 14490 
KF214491 

KF214478 
KF214479 

31.1036 N., 86.5343 W. 

KF214517 

KF^214499 

KF214492 

KF214480 

42.7796 N., 91.6890 W. 
36.0858 N., 92.5649 W. 
36.7931 N., 91.3334 W. 

KF214508 
KF^214509 
KF214510 

G0921506 
GQ921507 
KF214506 

KF214484 
KF^214485 
KF214486 

KF214472 
KF214473 
KF214474 

24.8146 N., 80.8211 W^. 
25.4553 N., 80.1925 W. 

KF214511 

KF214512 

KF214505 
KF214504 

KF214487 
KF214488 

KF214475 
KF214476 

35.9582 N., 92.1778 W 
33.1971 N., 79.9461 W. 

KF"214518 

KF^214519 

KF214498 
KF214497 

KF214493 
KF214494 

KF214481 

KF214482 

48.8586 N., 15.8960 E. 

KF214520 

KF214496 

KF214495 

KF214483 

35.0727 N., 106.6160 W. 

KF214522 

JN941032 



49.2509 N., 16.5738 E. 

KF214521 

KF214507 
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Mega 5.0 was used to eonduct nearest-neighbor join- 
ing (NNJ), maxinnnn parsimony (MP), and mcLximum 
likelihood (ML) trees for the three foeal regions. NNJ 
was based on Maximum Composite Distanee ineluding 
transitions and transversions with pairwise gap dele- 
tion. MP used the elose iieighbor interehange seareh 
option with the randoin addition of 10 replieate trees. 
ML used all sites and was based on the Tainura-Nei 
substitution model, a five-eategory Gainma Distribu- 
tion for substitution rates, and the Nearest Neighbor 
Interehange ML heuristie method. In all eases sup- 
port values were estiinated froin 1000 bootstrap repli- 
eates. Additionally, Bayesian trees were generated using 
MrBayes 3.1 (Huelsenbeek and Ronquist, 2001) using 
a GTR substitution model assuming gamma-shaped rate 
variation (wer 1,000,(K)0 generations with a sampling fre- 
queney of onee eaeh 1000 generations. 

Nomenelatiire; Taxonomie names and eonecq^its follow 
Nekola and Coles (2010). Apertural lamellae and fold 
nomenelature follows that of Pilsbrv' (]94(S; 869, fig. 469), 
i.e., parietal “teeth” are referred to as “folds” and all 
otlier “teeth” are termed “lamellae”, wdiatever their form. 
Also, we follow Pilsbry (194S) by refernng to the raised 
riblets on the surfaee of Vetiigo shells as “striae.” 

SYSTEMATICS 

Class Gastropoda 
Subelass Puhnonata 
Order Styloinmatophora 
Family VYrtiginidae 

Genus Vertigo Müller, 1773 

Veriigo marciae new speeies 

(Figures 1-6; Tables 1, 2) 

GenBank Aeeessions KF214477, KF214489, KF2I4502, 
KF214503, KF214513, KF214514 

Diagnosis: Minute shell reminiseent ofVetiigo hebardi 
but tciller, less striate, and laeldng angular lamella; shell 
surfaee sinooth and glossy wdth indistinet wrinkles; aper- 
tur(‘ flared toward bottom; four lamellae/folds present, 
inc'Iuding parietal, eolumellar, and txvo palatals. 

Description: Shell 1.4-1.6 inm tall x 0.8-1.0 mm wid(‘ 
(holotype 1.5 x 0.8 min), eoIumnar-(woid to ovoid, 
approximately 4-4.5 whorls, with moderately shallow 
suture and domed apex. Translueent, pale yellow-brown 
eolor. Body whorl approximatcdy 60% of total height 
(Figures 1-3, 5, 6). Protoeoneli and neanie whorls 
smooth (Figure 4), with subse(|uent whorls having 
irregnlar, infrequent, and weak wrinkles. Immediately 
behind aperture seulpture takes the form of irn'gular 
low striae (Figure 2). Apeiture flared on bottom, making 
it taller than wide and approximately 1/3 of shell 
height. Lip unthiekened and slightly reflexed, sinulus 
moderate-weak, sometimes expr^^ssecl as simple flatten- 


ing of palatal WciII. Basally aperture alwuptly inflat(\s to 
fonn rounded swelling but not er(\st (Figun^ 4). Umbili- 
eus eloscxl (Figure 3). Ap^ature with four lamellae/folds; 
parietal lamella strong, slightly sinuous (Figiires I, 2, 5, 
6); eolumellar lamella dowmwarcl-sloping, peg-shaped; 
two palatal folds wdth Iow(t being approximately twdee as 
long as upper and extending approximately 0.2 wborls 
into body whorl, lower slightly more iminers(xl than 
upper, both highest at mid length (Figures I, 2, 5, 6). 
Apertural end of lower palatal fold eoineicles with abrupt 
inflation of basal aperture. Externally shell only slightly 
impressed over palatal folds (Figure 4). 

T)pe Material: Holotxpe (Figures 1-4), ANSP 450580, 
from t)pe loeality, May 22, 1999; parappes (Figures 5-6), 
ANSP 402244, 8 shells and Institute of Jainaiea, 2 shells, 
froin t\p(' loealitx'; ANSP 4030x39, Jain;riea, St. Ancln'w^ 
Parish, John Crow Peak, Bhie Mountains, elfin forc^st 
wâtli hamboo near suminit, 18°05'45'' N, 76M0'08.4" W, 
altitude 1755 m, May 22, 1999; sta. JBS4a, 16 shells; 
ANSP 403040, Jamaiea, St. Andrew Parish, V^inegar Hill 
Tnül iKxir head of Clyde River, 18°0x5' N, 76^39'bS" W, 
altitude 1520 in, May 22, 1999, sta. JBS 5, 3 shells. 

Type Locality: Jainaiea, St. Andrew Parish, John 
Crow Peak, Blue Mountains; litter sample eolk'eted at 
base of limestone eap, 18^5'50" N, 76°40'5" W, altitudi^ 
1550 m, May 22, 1999, sta. JBS4e. 

Other Material ExiriTiined: Digital iinag(\s of two speei- 
inens from Red Hills Road Cave, Jamaiea (Paul and 
Donovan, 2005), Paul eolleetion. 

Et)iiioIogy: Tbe sp(‘eifie name tnareiae refers to 
Dr. Mareia MuncIIe, tben of the Jamaiea Conserxntion 
and Developinent Trust. Dr. Mundle arranged for tlie 
vehiele used and park ranger guide that aeeompanied 
the expcxlition to the type loeation, ancl was present 
when tlie speeies was first eolk^eted. 

RESULTS AND DISCUSSION 

Variation: Vetiigo tnareiae is rather eonstant in gen- 
eral appearanee in terms of its shape, eolor, seulpture, 
ancl clevelopment of the apertural lamellae. While souk' 
variation in size (espeeially height) was noted, this was 
ininor—only 16% diffenmee Ix^twe^m the largest and 
sinallest shells was obseivecL 

Coniparison \rith Other Vertigo Species: Vetiigo 
tnarcine differs from all other Vetiigo speeies hy its 
small (<1.7 mm in height) yellow sh(‘II with inclistinet 
striae/wrinkles, flaix'd aperture bas(', and laek of angular 
ancl basal lamellae. It is elosest in appearanee to 
V hehardi of tbe Florida Keys (Figiire 7), with whieh 
it sharc's a small y(4Iow shell, the laek of a basal lamella, 
and preferenee for aeeumulations of tropieal forest leaf 
litter. However, it differs from tbis speeies in its taller 
sliell wdth less distinet striae ancl absenee of an angular 
lamella. It is also reminiseent of Veiiigo inarki Guliek, 
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Figures 1-12. Stereoinicroscope images of Vertigo nuirciae and related ta.\a. 1-4. Vertigo marciae, holot}pe, Jamaica, St. Andrevv 
Pansh, John Crow Feak, Blue Mountains, 18°5'45" N, 76°4Ü'S" W to 18°5'50" N, 76°40'5" W, ANSP 450580. 1. Apertural view. 
2. Prolile. 3. Umbilical \aew sliowing parietal and upper palatal lamellae. 4. Apical \dew showing protochonch and die basal 
apertural dilatiou. 5. Vei~tigo marciae, ANSP 402244, Parat)pe, secoiid speciinen from the ty],3e locality, exliibiting a shorter 
shell. 6. Vertigo marciae, ANSP 402244, Parat}pe, third specimen from the ty|3e locality, e.xliibiting a slightly rnore woni shell. 
7. Vertigo hebardi, Long Key, Monroe Couuty, Florida, 24°48'52" N, 80°49'14" W, ]CN 17479. 8. Vertigo goiildii (smaU soutliem 
fonn), Tellico Gorge, Moiiroe Co., Teunessee, 35°19'49" N, 84°10'59" W, BFC 1332, 9. Veiiigo aiahamensis, Lanier Quarry, Pender 
Co., Nortli Carolina, 34°37'49" N, 77°40'27" W, jCN 10781. 10. Vertigo “conecuhensis” Pond Creek seep, Covington Co,, Alabama, 
31°6'12" N, 86°32'3" W, JCN 12364. 11. Vertigo oscariana, Wadboo Creek, Berkeley Co., Soutb Carolina, 33°11'50" N, 79°56'46" W, 
jCN 10908. 12. Vertigo gouldii (normal form), Deer Creek, Filhnore Co., Minnesota, 43°43'56" N, 92°20'39" W, JCN 14646. 
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1904 from Bermuda, witli whicli it shares a smooth, 
yellowish shell that lack I)oth basal and angiilar lamellae 
(Pilsbr)^ 1919). How^ever, V marciae differs from this 
species by its srnaller shell height and lack ol a callus 
on the palatal wall of the aperture. Vc/tigo oscciriana 
fi'om the southeastern USA (Figure 11) also has a 
small, smooth yellow shell without a basal lamella, 
but this species also lacks an upper palatal fold, 
has a calhis on the outer apertural niargin, and a 
shell that is widest in the middle, tapering both to 
base and apex. Vciiigo alabamensis of die soutlieasteni 
NoiiJi American coastal plain (Figures 9, 10) also has a 
yellowish shell lacldng striae, but this species is larger 
(genercdly > = 1.8 mm tidl), possessing botli angular and 
liasal lamellae, a strong crest on the apertural niargin, 
aiid a strong sinulus on the palatal wall of the aperture. 

Rosenberg and Muratov (2006) ideiitified Vcrtigo 
marciae as Veiiigo gouldii (Figures 8, 12) because of 
its general shell shape and placenient of the parietal 
laniella aiid palatal folds, and also because V goiddii 
was reported froni Janiaica by Pilsbry aiid Cooke 
(1919: 99). However, V goiddii has a larger shell ol 
brown color, lias a duller shell luster Ironi the pres- 
eiice of abundant strong but irregular striae, and always 
possesses a basal laniella. Speciniens documenting tlie 
Pilsbty aiid Cooke record liave not beeii traced, and are 
apparently based on personal coniniunication between 
Victor Sterld and Pilsbiy^. Beipiaert and Miller (1973: 95) 
rejected Antillean records of V goiddii. 

While Vetiigo miliiim —whicli also occurs iii Janiacian 
tropieal forest leaf litter—possesses a shell <1.7 nini tall; 
this species is easily distinguished froni V marciae in 
its dark red-brown color, preseiice of both angular and 
bascil Icunellae, and its long, curved lower palatal fold 
whicli deeply eiiters the shell. 


Geographic Distribution and Eeology: Vertigo 
nuirciae is currently known in the Recent fauna only 
froni the crest of John Crow^ Peak and its ininiediate 
vicinity in the Blue Mountains of eastern Janiaica at ele- 
vations of 1520-1755 m. John Crow Peak is capped by 
an isolated limestone outlier kiiowm to luwe distinctivi* 
plant coniniunities, inclnding endemic species (Grossnian 
et al., 1993). (Note tliat Johii (d*ow Peak is not the sanie 
location as tlie Johii Oow Mouiitains, the easttaTiniost 
range of Jamaica.) Vetiigo ttuirciae is found niainly on or 
adjacent to limestoiie houlders and outcrops iii tropical 
as well as scrub forest with bamboo, but lias also becTi 
found at one site (JBS 5) that lacks exposed limestone. 

As a Pleistocene fossil, it is knowai only froni Red Ilills 
Road (Jave, whicli is ahout 21 kni west of RoscTiberg 
and Muratovs sites on John (4*ow Peak and 1000 ni 
lower in elewation (520 ni, Paul and Donoviui, 2005). 
Vetiigo ttiarciae joins the two Radiodisciis species and 
the PiitKiutti reported by Paul aiid Donovan (2005) on 
the basis of personal comniunication froni Rosenberg 
as species knowii in Janiaica only froni John Oow Peak 
and froni the Red Hills Road (]ave. Paul aiid Donovaii 
iiiterpreted the faunal changes froni the Red Hills Road 
(mve fauiia to tlu^ recent fauna around tlie cave as 
suggesting (lixing of the cliniate siiice the PleistoctTie. 
As Vetiigo ttiarciae wtis found nowliere else in Janiaica 
anioiig the hundreds of sites sanipled by Rosenberg 
and Muratov, its current occurreiice niight reprt'sent a 
relict distribution. 

Although it must currently be considtT*ed a Janiaican 
endeniic, the general lack of local endeniisni in the 
genus Vetiigo (Nekola, 2009) suggests tlie possibility 
diat it niay occur elsewhere iii tlie adjacent Garibbean, 
especially on carbonate substrates in mid- to high-elevatioii 
niontane forest. 


Table 2. Average numher of hase-pair tlifferences hetween all pairwise conihinations ol Vfrtigo marciae and related species. 


A. CîjiB amplicon (355 hase pairs) 

V oscariatia 53.1 


V alahamensis 

65.6 

54.3 



V hehardi 

62.3 

52.0 

8,3 


V. marciae 

63,8 

46.5 

38.7 

36.0 


V gouJdii 

oscanana 

\^ aJahamensis 

\^ JieJmrdi 

B. 16S amplicon (443-447 hase 

pciirs) 




V. oscanana 

40.9 




V. atahamensis 

37.3 

44.5 



V. hehardi 

35.8 

44.5 

4.0 


V marciae 

42.5 

42.0 

18.0 

18.0 


V. gouJdii 

V oscanana 

V aJaJyamensis 

\' JwJtardi 

C. Concatenated ITS-Î and ITS 

-2 amplicons 

(1274-1284 hase pairs) 



V oscariana 

34.8 



V aIaJ)amensis 

32.3 

20,5 



V Jîeljardi 

34.3 

22.5 

5.0 


V nuirciae 

37.3 

23.5 

9.0 

12.0 


V gouJcJii 

oscariana 

\^ aJahamensis 

\" JieJmrdi 
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Genetic Distinctness and Phylogenetic Relationships: 

DNA sequence analysis elearly deinonstrates tliat 
inarciae is (listinct at tlie species level. It pos* 
sesses an average of 36 and 39 hase pair clifferences 
vvith hebardi and \^ alabamensis, respectively, 
in tlie 355 hp CijtB aniplicon (Tahle 2). Tliis ecjiiates 
to a 10-11% variation across tlie entire aniplicon. In 
addition, it possessed an average of 46.5 hase pair 
differc'iices in CijtB (13%) with \^. oscariana and 
63.8 differences (18%) witli \^ gonldii. In the more 
slowly (‘volving 443 to 447 hp 16S region V. marciae 
differed hy 18 hases (4.0%) froin V. hebardi and 
\^. alabamensis, 42 hases (9.4%) froin \^ oscariana, 
and 42.5 hases (9.6%) froin \^ gouldii. In tli(‘ 
(oncatenated 1274-1284 hp ITS-1 lTS-2 iiDNA 
ainplicon, \^ marciae possessed an average of 9 hase- 
pair (0.7%) differences witli \^ alabamen.sis, 12 (0.9%) 
witli \^ hebardi, 23.5 (1.8%) witli \^. oscariana, and 
37.3 (2.9%) vvith \^ gouldii. These lcw'els of differ- 
ence wc^re considerahly larger than those exhihited 
hetwecn tlie conchologicallv distinct \^ alabaniensis 
and \^ hebardi (Figiires 7, 9, 10), wLich amounted 
to an aV'Crage difference of 8.3 hases (2.3%) in CijtB, 


4.0 (0.9%) in i6S, and 5.0 (0.4%) in concatenated 
lTS-1 and lTS-2. 

The topologies across pliylogenetic reconstructions 
were largely compatihle, witli the same highly supportcd 
nodes heing identified in all cases (Figiires 13-15). 
These deinonstrate that \^ marciae is ciearly a memher 
of the genus Venigo, heing within the same highly 
supported ciade in CijtB and 16S that includes 
\^ pusilla, the iypc species of tlie genus. While it vvas 
not possihle to root tlie concatenated lTS-1 -4- ITS-2 tree 
hecause of profound differences widi hoth Gastrocopta 
cristata and Pupilla tnuscorinn se(piences, \^ marciae 
was easily aligned wdth all Vertigo seijuences. 

The phylogenetic reconstriictions also demonstrate 
that \^ niarciae is a niemher of a highly supported 
ciade that inchides hoth \" alabaniensis and \^ hebardi. 
The existence of a single ancestor to all of th(\se species 
implies long distcmce dispersal from the southeastern 
United States to Jamaica, perhaps with migrating hirds 
as a vector. Tliis is not an unreasonahle scenario, giv'en 
that much longer feats of long distiuice dispersal via 
migrating hirds have heen documented in tlie eastern 
Atlantic (Gittenherger et al., 2006). 
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Figure 13. The phylogenetic relationships of Vertigo marciae as reconstructed by inaxiinum-likelihood analysis Iroin the CijtB 
ainplicon. Nodes with str(^ng to inoderate support across all four phylogenetic reconstruction inethods have heen labeled to tlie 
left of that node hy four support wdues: The upper left (norinal font) is for nearest neighbor joining. The upper right {bold italic 
font) is for inaxiinuin parsiinony. The lower left (bold font) is for Bayesian. The lower right {italic font) is for inaxiinuin likeliliood. 
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F'îgure 14. The phylogenetic relationships of Vertigo marciae as reconstriicted by maxiininn-likelihood analysis Irom the 16S 
amplicon. Nodes witli strong to moderate siipport across tdl fonr phylogenetic reconstrnction methods have been laheled to the 
left of tliat node hy fonr support valnes: The npper left (normal font) is for nearest neighbor joining. The npper right {hoUl itaUc 
font) is for maximnm parsimony. The lower left (bold font) is for Bayesian. The lower right (ifaJic fout) is tor niaximnm likelihood. 
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Figure 15. The phylogenetic relationships of Veiiigo marciae as reconstrncted by maximnm-likelihood analysis from the con- 
catenation of the ITS-1 and ITS-2 amplicons. Nodes with strong to moderate snpport across all foiir phylogenetic reconstruction 
methods have been laheled to tlie left of that node by fonr support valnes: The upper left (normal font) is for nearest neighhor 
joining. The npper right (bold italic font) is for maxinmm parsimony. d1ie lower left (hold foiit) is for Bayesian. The lower right 
(itaJic font) is for maxiinnm likelihood. 




















































THE NAUTILUS, Vol. 127, No. 3 


Page 114 


Wliile resoliition of deeper iiodes within the gemis 
Veitigo was not possible in tlie CijfB and 16S intDNA 
ainplieons (Fignres 13, 14), presLimably dne to l)ase- 
pair satnration, tlie eoneatenatiHl ÎTS-l-\- ÎTS-2 data 
(Fignre 15) dc'nionstrated a ver\' highly snpported nodc^ 
conneetino[ tlie V nuu'cuie / V hehardi / alahanunisis 
ciade to V oscaruuui. This radiation inclndes sonie of 
the inost distinct ineinbers of the gemis (Pilsbi*).; 1948), 
Additional field work across the Caribbean—tvspeciallv 
in Cnba, Hispaniola, Pnerto Rico, and Bernuula—wdll 
he re(|nired to determine the actnal nninber of spc'cies 
contained vvithin tliis gronp. 

A C K N O W L E14 C M E N T S 

John Slapcinsky of the Florida Mnsenm of Natnral His- 
toiy provided ethanol-preservxul tissne siunples of WiYigo 
hehardi, while Michal Horsak of Masarvk Universit) 
in Brno, the Czech Repnblic, provided live samples 
for yeiiigo piisilla and TitpiUa niiisconim. CijtB and 16S 
S(U|n("nces for V piisilla, F. niiisconinr and Gasfrocojita 
crisfafa were r('tri(‘ved from fnll mitochondrial geno- 
mic se(|nences provided by Jason Mar(|nar(lt and 
Ulfar Bergthorsson of the University of New M cvxico. 
Cliristopher Panl, Universitv’ of Bristol, provicled digital 
ima^es of the RchI Hills Roacl Cave fossils. Field work 
wiiich established thc* persistenci* oi Veiiigo hehardi in 
the Floiida Kcys was snpportcHl by The Bailey-Mattlic*ws 
Shcil Mnsenm throngli an R.T. Abbott Visiting Cnrator- 
ship to JCN. Aclditional fnnding for PCR and se(|nenc- 
ing anal)'sis was provickHl bv Miclial Horsak. The field 
work wliich r(*snlt(*d in the Reccmt samples of the nevv 
specic*s bc'ing collc'ctecl was snppoited by NSF Cuant 
DEB-9S70233 to Caiy Rosc*nbc*rg. 
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